Abstract
Introduction and General Basic Equations
The problem Pickard method of solution of lubrication problem had been considered already in Authors papers [7, 9] . In mentioned considerations, the computational model had been not accommodated to the curvilinear coordinates in non-isothermal flow and had been not coupled with the unified calculation algorithm. In contrary to the foregoing papers [7, 9] the presented paper utilizes a new unified Pickard calculation algorithm not only for Reiner-Rivlin power law of non-Newtonian lubricant but also for Rivlin-Ericksen viscoelastic oil properties. Such algorithm satisfies stability conditions of numerical solutions of partial differential equations and gives real values of fluid velocity components and carrying capacities occurring in journal bearing.
The Picard-unification of semi analytical method of solutions of non-Newtonian lubricant flow in thin layer gap between two cooperating surfaces is related to Reiner Rivlin power law relationship as well Rivlin-Ericksen formula for visco-elastic fluids. The analysis of the flow for the viscous fluid flow will be performed by means of the following basic equations [1, 3] : equation of continuity:
/ t +div( v)= 0, The fluid density and apparent fluid viscosity p are variable in ( 1 , 2 , 3 ) directions and depend on pressure, temperature and flow shear ratio. The inertia forces are taken into account.
Unification attempt of constitutive dependencies
The relationship between stress tensor S and displacement velocity tensor T d =A 1 i.e. constitutive equations are as follows [3] : Rivlin-Ericksen model viscoelastic properties of lubricant fluids are described by means of Rivlin-Ericksen constitutive relations. Hence their stress-strain dependencies have the following form [2, 3, 13] :
where A 1 , A 2 velocity deformation tensors in s 1 , s 2 . We can find such tensor X, which satisfies matrix equation: A 2 =X A 1 . Hence the dependence (6) we can be written in the following approximate form:
where the apparent viscosity pe can be written in the form [3, 11] : (8) where: Majority of the experiments performed on the lubricant fluids indicate that dynamic viscosity decreases along with shear rate increasing [8, 10] . Hence by virtue of the obtained experimental data and using the least square methods, we can express the viscosity -shear rate relation in the following form [8, 10] :
where: the coefficient A, experimentally obtained, reaches values from 8·10 -6 s to 6·10 
Thin layer boundary simplifications
The solutions are made in local curvilinear and orthogonal coordinate system ( 1 , 2 , 3 ) connected with the one of movable surfaces, where 2 denotes the direction of hap height as indicated in Fig. 1a . The distance h( 1 , 3 , t) between two surfaces is significantly smaller than other dimensions of indicated surfaces. The components of the displacement vector dr are indicated in Fig. 1b . We have assumed that the fluid velocity components in 1 , 3 directions have the same order of greatness [7, 9] .
Fig. 1. Geometry of the region: a) two cooperating non-rotational surfaces, b) curvilinear orthogonal coordinates system
According to the thin boundary layer simplifications the square of the element of length in the flow region is determined as follows: , are the Lame` coefficients in thin boundary layer depending on the shape of non-rotating surface in general. For rotational surfaces h 1 =h 1 ( 3 ), h 3 =h 1 ( 3 ). The local curvilinear and orthogonal coordinates system ( i ) connected with the lower surface is presented in Fig. 2 . 
Non -Linear Basic Equations after thin layer boundary simplifications
Expanding equations (1)- (3) in I (i=1,2,3) directions, taking into account layer boundary simplifications, we obtain the following system of non-linear basic partial differential equations describing the lubrication of two curvilinear non-rotational surfaces [1] [2] [3] [4] :
Equation of continuity:
, 0 
where for i=1,3 we have: for i=1,2,3; j=0,1,2,… where 0<n 3/2 thus the small parameter is less then +1/4 and greater than 1/2. In order to attain the linearization of apparent viscosity (5), after boundary simplifications we expand function in closed interval [1,n] or [n,1] for 0<n 3/2 using Taylor series in neighbourhood of point n=1 with respect to the small parameter in following form [7, 9] 
Solution of the system of partial basic equations as terms of series
Putting series (17), (18) or (20), (21) into the system of non-linear equation (13), (14), (15) and multiplying the series by Cauchy method, equating the coefficients of the like powers of small parameters, we obtain a sequence of following systems of non-linear (for X ij 0), or linear (for X ij =0) partial equations [9, 12] : 
where pj = prj or pj = pej .
Analogically we obtain functions: Z 0 , Z 1 , … . System of Eqs. (22)- (25) for X ij =0, Z j =0 determines following unknown functions: v 1j , v 2j , v 3j , p dj , T dj for i=1,3; j=0,1,2,... .
Since the two cooperating surfaces are moving, and there can be slip, hence the boundary conditions (for i=1,2,3; j=0,1,2,…) have the following form [5, 7, 9] :
where j0 denotes Delta Kronecker Symbol. Velocities and slips on the journal and sleeve surface U i 0, U ip 0 can be continuous, constant or variable but not arbitrary in general.
-We put j=0, S i0 =F 0 =0 in system (22) 
We put functions (30) into terms i.e.: 
In partial differential equations (22)- (25) we are replacing the inertia forces i.e. X ij and convection transport of energy as well pressure dissipation i.e. Z j , by functions (31). Hence such linear set of partial differential equations (22)-(25) gives following solutions: for j=0,1,2,… .
(32)
We put functions (32) 
In partial differential equations (22)- (25) we are replacing the inertia forces i.e. X ij and convection transport of energy as well pressure dissipation i.e. Z j , by functions (33). Hence such linear set of partial differential equations (22)- (25) gives following solutions:
After k steps inertia force terms and convection transport terms for i=1,2,3; j=0,1,2,… go to the form:
whereas linear set of partial differential equations (22)-(25) gives following solutions: for j=0,1,2,… . 
Conclusions
In this paper, the Lipschitz Picard's method of successive approximations of solutions of hydrodynamic lubrication problem is presented for the non-linear fluid mechanics equations that describe non-Newtonian fluid flow using Reiner-Rivlin and Rivlin Ericksen model describing nonlinear apparent lubricant viscosity. The convergence process of the sequence of succeeding approximation solutions has been considered.
